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FOREWORD 

Polymer  additives  are  used  to  influence  rheological  properties  of  fluids.  Non- 
Newtonian  fluid  behavior  can  be  created  by  entanglement  of  polymer  coils  in  solution. 
In  order  to  increase  the  effectiveness  in  the  entanglement  of  polymer  coils  based  on  per 
unit  weight,  it  is  desirable  to  create  an  environment  in  which  the  polymer  coils  tend  to 
aggregate  to  form  supra-molecular  coils  and  to  increase  the  coil  size  by  swelling  so  that 
the  effective  value  of  the  overlap  concentration  decreases.  The  aims  of  our  projects 
were: 

1.  to  characterize  the  polymer  additives  of  interest,  e.g.,  poly(iBMA-tBAEMA), 

2.  to  study  polymer  dynamics  in  the  semidilute  solution  regime,  and 

3.  to  investigate  whether  the  aggregation  effect  could  be  improved  by  the  presence 
of  other  forces. 

1.1.  Characterization  of  Polymer  Additives 

Polymer  additives  tend  to  form  supramolecular  systems  which  are  large  (perhaps 
even  of  the  order  of  thousands  of  Angstroms)  in  size.  Our  prism-cell  laser  light 
scattering  spectrometer  [1]  is  specifically  designed  to  characterize  the  conformation  and 
dynamics  of  large  polymer  coils  in  solution.  It  is  capable  of  measuring  both  the  angular 
distribution  of  scattered  intensity  and  of  Rayleigh  linewidth  and  can  perform  small-angle 
self-beating  dynamic  light-scattering  measurements  down  to  a  scattering  angle  of  a  few 
degrees. 

The  semidilute  polymer  solution  is  viscous  and  often  exhibits  non-Newtonian  fluid 
behavior.  So,  we  have  constructed  a  magnetic  sphere/needle  rheometer  [4,7]  capable  of 
viscosity  and  viscoelastic  measurements  in  a  closed  system  which  offers  a  unique 
advantage  because  of  the  long-term  rheological  tests  of  semidilute  polymer  solutions 
with  possible  volatile  solvent  components. 

1.2.  Polymer  Dynamics  in  the  Semidilute  Solution  Regime 

Diffusion  of  polymer  in  binary  and  ternary  semidilute  solutions  [5]  was  carried  out 
by  investigating  the  dynamic  properties  of  polystyrene  (PS)  in  toluene  (TOL),  PS1/PS2 
in  TOL  and  PS1/PMMA2  in  TOL  where  1'  and  "2"  denote  matrix  polymer  at 
semidilute  concentrations  and  probe  polymer  at  dilute  concentrations,  respectively.  It 
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should  be  noted  that  poly(methyl  methacrylate),  PMMA,  was  isorefractive  with  the 
solvent  TOL.  The  polymer  chf>in  dynamics  revealed  a  fast  mode  which  could  be 
interpreted  as  the  cooperative  diffusion  of  entangled  chains  and  a  slow  mode  which 
could  be  attributed  to  the  coupling  of  the  matrix  polymer  with  the  probe  polymer.  We 
were  not  satisfied  with  the  dynamics  of  the  equilibrium  conformation.  So,  we  tried  to 
deform  the  macromolecule  (DNA)  by  applying  an  electric  field  and  to  examine  the  field- 
free  relaxation  time  of  DNA  in  the  presence  of  a  polymer  network  (agarose  gel)  [2]. 

1.3.  Aggregation  Behavior 

Polymer  additives,  such  as  poly(iBMA-tBAEMA),  are  random  copolymers  and 
would  have  been  almost  impossible  to  characterize  if  it  were  not  for  the  coincidental  fact 
that  the  two  components  (iBMA-tBAEMA)  form  essentially  isorefractive  polymer 
segments.  Thus,  one  can  determine  the  true  molecular  weight  and  the  size  of  the 
aggregates  by  means  of  light-scattering  [8],  Viscosity  measurements  [9]  confirm  a 
breakup  of  poly(iBMA-tBAEMA)  at  extreme  dilutions.  A  combination  of  the  two 
physical  methods  of  characterization  permits  us  to  detect  the  degree  of  aggregation. 

The  aggregation  behavior  of  block  copolymers  which  are  better  defined  than 
random  copolymers,  such  as  poly(iBMA-tBAEMA),  were  examined  in  terms  of 
composition  heterogeneity  [3]  and  polymer  block  length  of  one  of  the  components  [6], 

In  summary,  we  have  constructed  unique  instrumentation  [1,4,7]  and  have  taken 
advantage  of  the  fact  that  poly(iBMA-tBAEMA)  can  be  treated  as  a  "homopolymer"  as 
far  as  laser  light  scattering  (LLS)  in  concerned.  Thus,  the  aggregation  behavior  could  be 
investigated  under  a  variety  of  experimental  conditions.  It  should  be  noted  that  LLS 
represents  the  only  absolute  method  for  molecular  weight  (or  more  precisely,  molar 
mass)  and  size  determination  of  this  unique  copolymer,  poly(iBMA-tBAEMA). 

In  the  process  of  trying  to  find  out  how  we  can  enhance  poly(iBMA-tBAEMA)  as  a 
polymer  additive,  we  have  begun  our  studies  on  interacting  polymers  [10]  and  interactive 
polymer  mixtures  [11]  in  solution.  By  adding  an  ionomer  to  poly(iBMA-tBAEMA),  the 
viscosity  of  fluids  can  be  enhanced  more  effectively  up  to  a  factor  of  20. 
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FINAL  REPORT 


Statement  of  the  Problem 

1.  Determination  of  the  weight  average  molecular  weight  M  ,  the  radius  of 

w 

gyration  R^,  the  second  virial  coefficient  A^,  the  translational  diffusion 
coefficient  D^.  and  the  polydispersity  of  poly)»BMA-tB.AEMA)  in  different 
solvents. 

2.  Study  of  the  rheological  properties  of  poly(iBMA-tBAEMA)  as  a  function  of 
concentration,  temperture  and  shear  rate. 

3.  Investigation  of  ion-containing  polymers  as  a  complexing  agent  for  poly(iBMA- 
tBAEMA),  which  will  promote  the  viscosity  of  fluids  as  a  thickening  agent. 

Summary  of  Most  Important  Results 

1.  We  have  succeeded  in  characterizing  poly(iBMA-tBAEMA),  which  tends  to 
aggregate  at  dilute  concentrations. 

2.  A  magnetic  needle  rheometer  (MNR)  was  developed  and  constructed  in  order 
to  measure  the  rheological  properties  of  semidilute  and  concentrated 
polymer  solutions  whose  solvents  tend  to  be  volatile.  The  MNR  was  featured 
on  the  front  cover  of  Polymer  News  in  the  December,  1990  issue.  A  patent 
(R-625)  has  been  Filed  for  this  invention. 

3.  We  have  begun  studies  of  polymer  mixtures  which  interact  with  each  other  via 
hydrogen  bond  and  electrostatic  interactions.  The  resulting  aggregates  from 
very  large  globules  making  the  fluid  solvent  medium  viscous.  Viscosity 
enhancers  to  the  polymer  additives,  which  are  used  as  thickening  agents,  have 
been  developed.  This  idea  has  been  communicated  to  the  Research 
Foundation  of  the  State  University  of  New  York  for  possible  patent 
application. 
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